Treating elderly cancer patients is a challenge for oncologists, especially considering the several therapeutic modalities in glioblastoma. Extensive tumor resection offers the best chance of local control. Adequate radiotherapy should always be given to elderly patients if they have undergone gross total resection and have maintained a good performance status. Rather than being ruled out, chemotherapy should be considered, and temozolomide is the chosen drug. A comprehensive geriatric assessment is a valuable tool to help guiding treatment decisions in elderly patients with glioblastoma.
INTRODUCTION
The population throughout the world is ageing, and, as a consequence, cancer diagnosis is increasing. The incidence of cancer is eleven times higher in people older than 65 than in younger people. Seventy percent of cancer deaths occur in patients older than 70 (1) . In the United States, approximately 50% of new cases of glioblastoma (GBM) occur in patients older than 65, and in this patient population the incidence of GBM is about 13/100,000 every year (2, 3) . Treating elderly cancer patients is a major challenge for most types of cancer, and different treatment modalities are controversial in the setting of an elderly patient with GBM. Very little data is published regarding treatment of GBM in an elderly patient population, and it is fairly common to see elderly patients with GBM being spared treatment modalities such as surgery, radiation therapy (RT) and systemic therapy, without a proper evaluation of their actual risks and benefits.
In this article, we undertook a non-systematic review of GBM in elderly patients, discussing prognosis, therapy and tools that are available and that could help select patients for the most appropriate intervention.
Prognostic and predictive factors
Advanced age is the most significant prognostic factor for elderly patients with GBM. For all patients with GBM, regardless of age, even when treated aggressively with surgery, radiation and chemotherapy, the median survival is around 15 months only (4) . In a study evaluating patients older than 70 years, the median survival among 3,298 patients was only 4 to 5 months (5) . The reasons for this apparently more aggressive course of the disease are not well understood. In a retrospective study of 2,836 patients older than 70 years, only 46% received what was perceived to be standard therapy, namely surgery followed by radiotherapy, suggesting a large component of heterogeneous treatment as part of this worse prognosis (6) . Other likely culprits for the observed worse prognosis include higher number of co-morbid conditions and its consequent poly-pharmacy, drug interactions and higher toxicity from systemic therapy such as myelossupression, mucositis and cardiotoxicity, all leading to higher mortality (7) . Methylation of the O 6 -methylguanine-DNA methyltransferase gene (MGMT) is known to be associated with a better response to temozolomide (TMZ); arguably the most common chemotherapy used in GBM (8) . MGMT is an important enzyme responsible for DNA repair such as that induced by TMZ and other alkylating agents. The epigenetic silencing of MGMT through the methylation of its promoter results in decreased DNA repair and better efficacy of chemotherapy (9) . Methylation of the promoter of MGMT is present in about 40% of GBM elderly patients, similar to the percentage found in younger patients (10) . Some data suggest that the predictive value of the methylation is present in the elderly as well. Minniti et al. (11) identified 83 patients with GBM older than 70 years, with MGMT promoter methylation in 50% and a median survival of 15.3 months versus 10.3 months in those without methylation (p=0.0001). Although some authors suggest to systematically use the promoter methylation of MGMT as a predictor of chemotherapy benefit, the evaluation of such methylation has not been well standardized. Additionally, there is fair evidence of intra-tumor variability in promoter methylation, as well as a change in methylation status induced by radiation therapy, suggesting caution in using this as a predictive marker (12, 13) . Recent data have suggested that prognosis of patients with GBM is also determined by a complex interaction between age and several genetic alterations, as shown in table 1. Batchelor et al. (14) demonstrated that genetic changes vary in different age groups. For patients older than 70 years, mutation in TP53 was associated with a shorter survival (HR=7.54; 95% confidence interval, 95%CI: 2.38-23.87), while for patients younger than 70 years, this association with survival was not present (HR=0.84; 95%CI: 0.49-1.42). Similarly, deletion of CDKN2A/p16 was associated with a worse prognosis in patients older than 70 years (HR=11.48; 95%CI: 1.97-66.78). On the other hand, the positive prognostic value of the loss of chromosome 1p36 was more pronounced in patients older than 60 years of age (HR=0.1; 95%CI: 0.01-0.78).
The epidermal growth factor receptor gene (EGFR) is frequently over expressed in GBM and its amplification is linked to disease progression. There are conflicting results about the prognostic implication of EGFR amplification. Opposite to the negative prognostic implication seen in younger individuals, in patients over 75 years of age, Kleinschmidt et al. (15) demonstrated that those with amplified EGFR had a longer survival than those without the amplification (median 10.5 versus 2 months). Quan et al. (16) failed to find any prognostic implication of EGFR amplification regardless of age.
Bredel et al. (17) identified that deletion of NFKBIA, a gene responsible for inhibiting signaling through EGFR, is rather prevalent in some forms of GBM. This deletion is associated with higher tumor aggressiveness, less response to temozolomide and worse prognosis. There are no specific data on deletion of NFKBIA in elderly patients.
Other genetic changes were studied, such as the MIB-1 index and expression of protein YKL-4, with conflicting results (18) . Despite all these genetic correlations with GBM and age, it is still not clear whether older age has a worse prognosis related to specific genetic characteristics of the tumor or whether the prognosis is rather poor mainly due to other clinically relevant comorbid conditions. Minniti et al. (11) Brandes et al. (19) Methylation of the promoter of MGMT >70 > 65
Longer overall survival (p=0.0001) Longer overall survival (p=0.05)
Batchelor et al. (14) Mutation p53 > 70 Shorter overall survival (p=0.001)
Batchelor et al. (14) Deletion CDKN2A/p16 > 70 Shorter overall survival (p=0.024)
Batchelor et al. (14) Deletion 1p36 >60 Longer overall survival (p=0.071)
Kleinschmidt et al. (15) Quan et al. (16) Amplification EGFR >75 >60
Longer overall survival (p=0.04) No association with prognosis Bredel et al. (17) Deletion NFKBIA * Shorter overall survival (p=0.03) *The study included patients >65 years, but results specific to this population have not been published. MGMT: methylation of the O 6 -methylguanine-DNA methyltransferase gene; EGFR: epidermal growth factor receptor gene
Peculiarities of surgical treatment in the elderly
In patients younger than 65 years of age, clinical evidence favor the most ample possible surgical resection with preservation of function (20) . In the elderly, aggressive surgery is performed less frequently, based mainly on a poor physiological reserve and the risk of perioperative complications.
Total or even partial resection confers a better prognosis than biopsy only. While ample resection confers a survival of up to 12 months, it rarely reaches 6 months after biopsy only (21) . Ewelt et al.
(22) analyzed retrospectively data from 103 patients older than 65 years with GBM. In this cohort of patients, survival was closely related to the extent of the resection: biopsy only, partial resection, or total resection lead to 2.2, 7, and 13.9 months survival, respectively. Even when additional treatment with radiation and chemotherapy was taken into consideration, the difference in prognosis related to the extent of surgery remained significant. Therefore, until randomized prospective data is available, age alone should not be used as a contraindication for a more extensive resection.
Advances in neurosurgical technique, shorter duration of surgery and better peri-operative care made a more extensive resection feasible in the majority of patients. For patients who are surgical candidates, the following pre-operative findings were identified as predictors of a shorter survival: Karnofsky performance status (KPS) <80, chronic obstructive pulmonary disease, tumor >4cm associated with symptoms, such as motor, language or cognitive impairment (20) .
RT peculiarities
Postoperative RT is the standard treatment for GBM both after maximal debulking as well as after limited biopsy, conferring survival when compared to supportive care only (18) . RT not only improves survival, but it also helps in the control of tumor related symptoms. The most common RT treatment consists of 54 to 60Gy, divided into 2Gy fractions over 5 to 6 weeks of treatment.
Efficacy of RT was first suggested in retrospective data from the Surveillance, Epidemiology and End Results (SEER) database involving 2,836 patients with GBM and older than 70 years, diagnosed between 1993 and 2005. The data showed that those patients who had received RT had a longer cancer-specific and overall survival compared to those who did not receive RT (HR=0.43; 95%CI: 0.38-0.49). The median survival was 8 and 3 months, respectively (6) . These findings were subsequently confirmed in a prospective multicenter study published in 2007 by Keime-Guibert et al. (23) , involving 85 patients treated in 10 different medical centers in France. Patients were operated on and then randomized to receive RT (daily fractions of 1.8Gy for a total of 50Gy) or best supportive measures. The results favored RT, with a median survival of 29.1 versus 16.9 weeks (HR for death =0.47; 95%CI: 0.29-0.76; p=0.002). Despite the fact that elderly are more susceptible to adverse effects of RT to the brain tissue, in this study, no difference was observed in terms of cognitive function or quality of life between the two treatment groups. It is possible that the short survival may have prevented the documentation of the detrimental effects of RT. It seem the case in the practice of most neuro-oncologists that cognitive decline is caused by disease progression in the vast majority of cases (24) . Alternative fractionation was studied aiming at a shorter course of RT, facilitating adherence and convenience to these frequently debilitated patients. Roa et al. (25) randomized 100 patients with GBM and older than 60 years to receive standard RT (60Gy in 30 fractions, over 6 weeks) or an abbreviated course (40Gy (26) , who described a hypofractionated treatment of 42Gy in 12 fractions, over 2.5 weeks, resulting in overall survival similar to that of traditional RT treatment (7.3 versus 5.6 months, respectively, p=0.2). Table 2 summarizes the publications assessing at a geriatric patient population with GBM and treated with RT.
Peculiarities of systemic treatment
Treating elderly patients with chemotherapy is often controversial in most types of cancer, and GBM is no exception. Pharmacokynetics and pharmacodynamics of drugs are modified in the elderly for several reasons. Changes in intestinal motility, splancnic vascularization, secretion of digestive enzymes and mucosal atrophy can all interfere with drug absorption of oral drugs, such as TMZ and lomustine, some of the most frequently used chemotherapies in GBM (27) . The activity of cytochrome P450 diminished by 20 to 25% in the elderly, leading to inadequate metabolization of anti-seizure drugs, and these, on the other hand, can interfere with the metabolism of chemotherapeutical agents, such as irinotecan and procarbazine (28) . The decreased bone marrow reserve also predisposes elderly patients to a more severe myelosuppressive effect of chemotherapy drugs, favoring infections.
Results from a meta-analysis that included 12 randomized trials (29) demonstrated that adjuvant chemotherapy improves overall survival in patients with high grade gliomas. Among the 3,004 patients included in this analysis, 28% were older than 60 years. This patient population had the same statistically significant benefit with chemotherapy than the overall population.
Although regimens including carmustine (BCNU) or the combination PCV (procarbazin, lomustine and vincristin) have led to somewhat longer overall survival in patients with GBM, due to their significant myelotoxicity, they should probably be avoided in the elderly population (30) . TMZ is an alkylating agent with a rather safe toxicity profile. In the vast majority of clinical studies with the drug, less than 10% of patients developed Common Toxicity Criteria (CTC) grade 3 or 4 hematologic toxicity, and less than 2% of patients had to suspend the drug due to side effects (31) . The oral formulation and tolerability, in addition to a clearance independent of renal or hepatic function, have made TMZ a very acceptable drug for elderly patients.
The standard treatment for GBM, based on trials including always patients younger than 70 years, is surgery, followed by RT concomitant with TMZ 75 mg/ m 2 per day followed by 12 cycles of adjuvant TMZ at 150 to 200 mg/m 2 for 5 days every 28 days, for 6 to 12 months (4) . Although there is a lack of actual randomized data for this treatment in the elderly, most experts agree that TMZ associated with RT is well tolerated in elderly with KPS>80 (32, 33) . Fiorica et al. (32) published data on 42 patients with GBM and who were older than 65 years, who had received RT+TMZ followed by TMZ. With a median survival of 10.2 months, treatment was well tolerated. The vast majority (69%) had no drug related toxicity, 23.8% had myelotoxicity (only 7% grade 3), and 16.7% presented neurologic toxicity, which was reversed with the use of steroids. No treatment related death was reported.
Minniti et al. (34) evaluated the use of TMZ concomitant with a shorter RT treatment. In this phase II trial, 71 patients older than 70 years, with recently diagnosed GBM and with a KPS>60, were treated with a short RT (40Gy in 15 fractions, over 3 weeks) with concomitant TMZ, followed by 12 months of adjuvant TMZ. Overall survival was 12.4 months; only one patient discontinued TMZ during RT due to grade 2 thrombocytopenia, and 8% discontinued adjuvant treatment due to myelotoxicity. The most common nonhematologic toxicities were fatigue (10% during RT, 17% during adjuvant TMZ) and nausea (11%).
One phase III trial (EORTC 26062-22061) is currently looking at TMZ concomitant with a short RT treatment versus isolated RT in patients older than 65 years (35) . The question whether methylation status of the promoter of MGMT should be used as a means to select patients for TMZ treatment was discussed earlier in this review and no data specific to elderly patients is available.
For patients who are not candidates for RT due to pre-existing conditions such as dementia or previous strokes, isolated TMZ can be considered. Gállego Pérez-Larraya et al. (36) selected patients older than 70 years and with a KPS <70, and gave TMZ alone at 150 to 200mg/m 2 per day, for 5 days, every 28 days, for a total of 12 cycles until disease progression. Among the patients, 91.4% were not surgically treated, 62.9% had a KPS of 60. Although the median overall survival was only 25 weeks (95%CI: 19 to 28 weeks), 51.5% achieved disease stabilization and, more importantly, 32.9% had an improvement of KPS of, at least, 20 points, with 25% becoming able to self-care. The median progression-free survival was 16.1 weeks (95%CI: 10.2 to 20 weeks).
There are no published data about the second line treatment for elderly patients with GBM. The studies on the combination of irinotecan and bevacizumab, which is a regimen frequently used for recurrent GBM, did not include patients aged over 70 years. Therefore, any decision regarding the treatment of recurrent GBM in the elderly, has to be carefully discussed with attention to co-morbid conditions (specifically those that predispose to cardiovascular events, a wellknown risk associated with the use of bevacizumab), functional capacity, location of relapse and patient preferences.
Bevacizumab is being studied in this patient population. A phase II trial (NCT 01149850) will look at the combination of bevacizumab and TMZ in newly diagnosed elderly patients with GBM and a KPS>60 (37) . The ARTE study (NCT01443676) will look at combination of bevacizumab and RT in newly diagnosed elderly patients with GBM (38) . Table 3 summarizes the published data of TMZ plus RT in elderly patients. 
Comprehensive geriatric assessment as part of patient care
The most striking challenge in treating elderly patients with cancer resides in the significant heterogeneity of this population. While some patients tolerate and benefit from standard treatment as well as younger patients, others will require dose reductions, delays and discontinuations of different therapeutical modalities.
Identifying which and how patients should be treated can be facilitated by the use of a comprehensive geriatric assessment (CGA). CGA can discriminate better than chronological age or performance status which patients are candidates for more aggressive therapy (40) . The literature is limited regarding CGA in elderly patients with GBM either as stratification for clinical trials or as a tool to help clinical practice.
CGA consists of a thorough evaluation of comorbid conditions, functional status, nutritional status, social support, polypharmacy and cognition, as described in table 4 (41, 42) . CGA results are closely related to prognosis of elderly patients in general, and it has also been found beneficial for assessment of life expectancy, prediction of treatment tolerance and definition of frailty for older cancer patients. Mortality at 2 years increases with lower functional status (43) , dementia and depression (44) . Dependency for daily living activities, measured by the Instrumental Activities of Daily Living (IADL) scale, was associated with a worse tolerance to chemotherapy, the same having been shown for nutritional status and for social support (45) . The European Organization for Research and Treatment of Cancer (EORTC) recommends that patients be classified as frail, vulnerable or healthy (40) , based on CGA. This classification can assist in the decision on treatment selection, dose adjustments and supportive care measures. Since CGA results are based on dynamic scales, a new evaluation should be performed at the time of every new treatment decision.
The main limitation of CGA is the time required for administration, not only for the clinician, but also for the patient and caregivers. This has lead to the development of shorter screening tests that help the clinician direct comprehensive screening efforts to those elderly patients who may be more likely to require further assessment. 
CONCLUSION
Elderly patients seem to benefit and tolerate the same treatment than younger patients if they have a good performance status and limited comorbid conditions. For patients with a KPS>70, postoperative RT improves survival without causing cognitive decline. For patients with reduced performance status, a short RT treatment seems equivalent to the traditional RT. Although TMZ has not been prospectively studied in randomized trials in the elderly, subgroup analysis from a metanalysis suggests good tolerance and clinical benefit, especially for patients with MGMT promoter methylation. Molecular factors such as EGFR or NFKBIA mutations, and even MGMT promoter methylation seem to be able to better characterize the prognosis of individual tumors, but at this time, treatment decisions still seem to be more dependent on a thorough evaluation in the case of elderly patients. CGA seems to be a valuable tool in establishing the best treatment options for a given patient.
